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Question 1 — Climate, climate change and evapotranspiration 


a. Choose three locations in Australia and explain why mean pan evaporation is as pictured 
below. 


Total 
evaporation 
(millimetres) 


Port 
Hedland 


Carnarven 


Gerakiton 


Esperance 


Abany 


Average pan evaporation Vieira 
Annual 8 


Cape Grim au 
St. Helens 
ise : ] Strahan Based on at least 10 years of 
Projection; Lambert conformal with records from 1975 - 2005 
standard parallels 10°S,40°s, OBART 


© Commonwestth of Austots. 2006 


(12 marks) 


b. Evaluate how pan evaporation is measured. Frame your answer at a level understood by a first 
year science/engineering student. 


(6 marks) 


c. Explain how climate change may impact on rainfall and how this in turn will impact on 
evaporation and transpiration? 


(7 marks) 


Question 2 — Groundwater 
a. With the aid of suitable diagram(s) explain what is meant by a confined aquifer, an unconfined 
aquifer, an aquiclude, piezometric level, a perched water table and an artesian well. 
(10 marks) 


b. A confined aquifer is pumped out from a well at a rate of Q=0.052 m°/s. The aquifer constants 
are S=0.0007 and T=0.0108 m’/s. Calculate the drawdown at a radius of r = 20m from the well 
after a period of 8 hours of pumping. 

(15 marks) 
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Question 3 — Reservoir operation 


a. Tabulate the advantages and disadvantages of direct supply, regulated and pumped storage 
reservoirs. 


(9 marks) 


b. Choose a real catchment you are familiar with and explain which reservoir option would be the 
most appropriate in terms of environmental and engineering issues. 


(10 marks) 


c. The inflow into a reservoir is shown below over a 6 month period. The total outflow is 3.0 GL 
per month for domestic and industrial use and includes the environmental flow downstream. 
Assume that the storage in the reservoir S1 is the same at the end of December as it was at the 
start of January. 


i. Calculate the monthly surplus 
(3 marks) 
li. Calculate the cumulative change in storage 


(3 marks) 


Inflow Outflow 


December (n-1) 


January (n) 15.6 3.0 
February 10.6 3.0 
March 4.2 3.0 
April 1.2 3.0 
May 1.1 3.0 
June 0.3 3.0 
Total 33.0 18.0 


Question 4 — Runoff 


a. With the aid of a suitable diagram(s) show the main processes that occur in the runoff cycle. 


(10 marks) 
b. Describe the factors that determine the relative quantity of runoff from a catchment. 
(10 marks) 
c. Summarise your understanding of what a hydrological model is and why we use them. 
(5 marks) 
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Question 5 — Stream gauging 
a. Describe the various methods for measuring streamflow (stream gauging) including where 
appropriate which equations are relevant. 
(10 marks) 


b. The velocity of flow was measured at several points across the Styx River at a gauging station 
east from Armidale. The values of velocity were taken at three depths for each section point, 
0.2D, 0.6D and 0.8 D, where D is the depth at the section. 


i. Calculate the mean velocity using an appropriate formula, justify the formula used. 
(7 marks) 


ii. Calculate the total flow in the river in m’/s, using either the mean section OR mid- 
section method. 


(8 marks) 
Distance Depth Velocity Velocity Velocity 
bi (m) di(m) V 0.2 (m/s) V 0 (m/s) V 0.8 (m/s) 
0 0 0 0 0 
1 1.131 0.26 0.21 0.15 
ps 1.240 0.35 0.23 0.11 
3 1.993 0.44 0.32 0.19 
4 0 0 0 0 


Question 6 —Rainfall 
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The following data shows the rainfall for four rain gauges located in the same catchment. There is 


missing data for 12/01/14 to 14/01/14 for gauge A. 


Gauges 
A B D 
1/01/2014 0 58 0 0 
2/01/2014 0 90 0 0 
3/01/2014 0 78 20 0 
4/01/2014 134 140 12 98 
5/01/2014 89 30 9 100 
6/01/2014 90 46 9 78 
7/01/2014 14 60 2 12 
8/01/2014 4 rei 0 2 
9/01/2014 0 50 0 0 
10/01/2014 0 30 0 0 
11/01/2014 0 24 0 0 
12/01/2014 12 3 40 
13/01/2014 6 4 oe) 
14/01/2014 60 9 33 


Correlation coefficients (r) for the gauges are shown below. 


A VS B 0.37 
A VS C 0.50 
A VS D 0.98 


a. Using your understanding of data infilling calculate the three (3) missing values for gauge A. 


b. Justify your choice of gauges to answer (a) above. 


(11 marks) 


(4 marks) 


c. Show your understanding of how rain falls by hypothesising where gauges B, C and D were 


located with respect to A. 


(4 marks) 


d. Outline the principles that you would consider when setting up a rain gauge network. 


(6 marks) 
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Formula sheet 


N=2V?/x Q=CiA Q=VA 
Pe EN) Px = (Nx/3)-(Pa/Na + Pa/N + Po/No) 
we Spee Q = aR 2351” Vm =V 0.64 
n n 
Fy Rip Rt ER Vm a VRE BV bea Ve ong Vin eee 
Ra=— 2 7 4 2 
co 
@ de a? 
k= -V6[0.5772+Ln(Ln _T_)] VHA Gey 
TT T-1 
Q=volume/t T=kib S=S.b 


Segment 


Mid-section method 


b bj.4 b; Gj44 


t 
Z 
fol Y 
OY 
Segment 
Q = mk(hy’ - hy’) Q = 2nT(hy-hy) d=_Q Wi) 
In(r2/r1) In (r1/tw) 4nT 
Q=kiA Q=q(C,- Ci) u=rs 
(Ci - Co) A4Tt 
y=yntk.oy p=1/T= m-0.4 Q=V.C 
n+0.2 Ag 
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Formula sheet continued 


ET =Epan X kp ET=ETy, x ke Ra= (Rj + Ro) 
2 
Mean rainfall = (ZR) Mean rainfall =(ZAR) Catchment mean = (ZA,Ra) 
N (SA) * Ane © 
Qgp=mQc+C Qa = nQz n= Area, x Rainfall, 


Areap X Rainfallp 


Total Area = L/2(O,; + O, + 2(02 + O3 + O= + O5 + ....0On-1)) 
Depth of runoff=area under the curve/catchment area 


Return period (ARI) _ Probability of occurrence Frequency 


T (years) (Exceedance) p (%) Factor (k) 
2 0.50 -0.16 
5 0.20 0.72 
10 0.10 1.30 
20 0.05 1.87 
50 0.02 2.59 
100 0.01 3.14 
200 0.005 3.68 
500 0.002 4.39 
1000 0.001 4.94 
The well function W(u) 
u 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
X1 0.219 0.049 0.013 0.004 0.001 
x10! 1.82 1.22 0.91 0.70 0.56 0.45 0.37 0.31 0.26 
X10? 4.04 3.35 2.96 2.68 2.47 2.30 2.15 2.03 1.92 
X10° 6.33 5.64 5.23 4.95 4.73 4.54 439 4.26 4.14 
X104 8.63 7.94 7.53 7.25 7.02 6.84 6.69 6.55 6.44 
x10° 10.94 10.24 9.84 9.55 9.33 9.14 8.99 8.86 8.74 
x10° 13.24 12.55 12.14 11.85 11.63 11.45 11.29 11.16 11.04 
X10" 15.54 14.85 14.44 14.15 13.93 13.75 13.60 13.46 13.34 
X10° 17.84 17.15 16.74 16.46 16.23 16.05 15.09 15.76 15.65 
X10° 20.15 19.45 19.05 18.76 18.54 18.35 18.20 18.07 17.95 
x10°'° 22.45 21.76 21.35 21.06 20.84 20.66 20.50 20.37 20.25 
X10"! 24.75 24.06 23.65 23.36 23.14 22.96 22.81 22.67 22.55 
x10? 27.05 26.36 25.96 25.67 25.44 25.26 25.11 24.97 24.86 
x10 29.36 28.66 28.26 27.97 27.75 27.56 27.41 27.28 27.16 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 
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